Spinal ligament ossification is a frequently observed phenomenon stemming from progressive calcification of ligaments surrounding the spinal column. While the causes and severity vary amongst patients, it can lead to spinal canal stenosis, resulting in symptoms reminiscent of spinal cord injury or myelopathy. Consequently, drug treatment or corrective surgery is usually indicated in these patients. To date, the pathogenesis of spinal ligament ossification is still unclear. We previously showed the existence of mesenchymal stem cells (MSCs) in these ossified ligaments [1]. Building on these findings, here we sought to identify the source of MSCs in ossified (OLF) and non-ossified ligament flavum (non-OLF) from thoracic vertebrae.
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Since these MSC marker-positive cells were located close to blood vessels, we Fig. 2A-C, G) . In contrast, double 182 immunofluorescence staining for MSC markers and the pericyte marker, α-SMA,
183
showed co-expression of these two cell types in the perivascular area (Fig. 2D-G (Fig. 3) . In control non-OLF tissues, the collagenous fibers showed regular 191 arrangement (Fig. 3A) , but only few fibroblast-like cells were observed that were 192 double positive for the expression of MSC markers (Fig. 3D-F (Fig. 4F-H experiments. Third, the current study included a relatively limited number of subjects (n 285 = 6) and was not adequately powered to perform all statistical analyses. It would be 286 necessary to conduct a further study with a larger sample size in the future.
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In conclusion, our study showed the localization of MSCs in human spinal 288 ligaments in the perivascular area and within the collagenous matrix. In addition, the 289 co-expression of MSC and pericyte markers was observed in the perivascular area.
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Chondrocytes near the ossification front in OLF were also positive for MSC marker and S100 (red); (D) S100 (green) and CD73 (red); (E) S100 (green) and CD105 (red); 
